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FOREWORD

T

HESE studies were initiated in 1922 when Dr. James W. Tourney,
•
Morris K. Jesup Professor of Silviculture in the School of Forestry,
began the establishment of trenched quadrats under stands of white pine
having various degrees of density. The quadrats were established on the
Demonstration and Research Forest near Keene, New Hampshire. The
field work since 1925 ,vas carried out by the writer who submitted the results of this investigation, as herein set forth, in partial fulfillment of the
requirements for the degree of Doctor of Philosophy at Yale University.
The writer wishes to acknowledge his gratitude and sincere appreciation of the many helpful and constructive suggestions received from Professor Tourney.
Substantial financial assistance was received from the Forest Production
Research Endowment of Yale University. This endowment provided the
funds for a fellowship for one year and for the publication of this bulletin.

SOME ASPECTS OF SOIL MOISTURE
IN THE FOREST

G

INTRODUCTION

ILVICULTURAL literature is replete with expressions such as "tolerance," "light requirements," "light competition," and "light-loving
species." The methods of securing reproduction and the maintenance of a
high rate of growth under the various silvicultural systems have centered
in securing increased light on the forest floor. "Suppression" is an expression associated with weakened vigor and reduced growth in trees that fall
behind their competitors in more or less completely stocked stands. This has
been explained as due to reduced light, but recent investigations show that
the reduced vigor and growth is due to a complex of factors of which light
is only one. Conditions within the soil, particularly available soil moisture
and nutrients, may be more important than conditions external to the soil
in explaining survival and poor growth beneath living canopies.
It is known from observation and from the investigation of the intensity
and duration of action of the site factors that the forest exerts a marked
influence on its environment. The reaction of the forest on the site factors,
in such a manner as to vary their intensity and duration of action beneath
living canopies as compared with the open, relates to both the aerial and
soil environment. Thus solar radiation, air temperature, atmospheric humidity, and wind velocity beneath living canopies are modified and changed
by the forest vegetation. In this way, also, the soil temperature, soil composition, soil gases, and the water content of the soil are changed. Comparatively little is known as yet regarding the extent to which the forest, in its
different kinds and densities, changes the intensity and duration of action
of these factors. This investigation is confined to but one factor; namely, the
moisture content of the soil. An attempt is made to answer two questions;
namely, to what extent does forest vegetation affect the available water
supply in the soil and how does this react on the subordinate vegetation in
the stand?
7
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Schumacher (1864) was the first to suggest the advisability of working
with soils-in-place, i.e. undisturbed or natural soils, when determining their
physical properties, particularly their water relations. For this purpose he
used a steel cylinder, with the lower edge beveled on the outside so as not
to disturb the soil within when the cylinder was driven into the soil. When
completely filled, the cylinder was removed and that part of the soil which
protruded beyond the upper and lower edges was cut away with a large
sharp knife. This gave a sample containing 1000 cm. s of soil-in-place.
The works of Heinrich, Kopecky, Albert, Ramann, and Wiegner are well
known for the light they throw on such soil factors as water-holding capacity, specific gravity, porosity, and air capacity. These investigators will
be referred to later under the discussion of method and technique developed by them in their investigations of soil properties.
The theory of tolerance as a light relation was first formulated and published by Heyer (1852). The whole philosophy lying back of our silvicultural practice has been built largely on this work. He concedes, however,
that moisture is the most important factor for tree growth, and that lightrequiring species are able to grow in shade if moisture conditions are favorable. He also states that poor soils are able to produce good stands of
timber under optimum conditions of water supply.
Ebermayer (1889) secured soil samples at different depths from 0 to 80
cm. in the open and beneath stands of pine differing in age from 25 to 120
years. He determined the moisture content of the soil during each month of
the year and expressed it as a percentage of weight of oven-dried soil. His
results show that the forested areas contained considerably less moisture
than the open areas during all four seasons of the year. The difference was
greatest during the late summer and early autumn. The investigation when
conducted in beech stands gave the same results as with pine.
Hartig (189 I) says:
When the remaining trees die after a cutting, we are often apt to ascribe their death
to· changed light conditions, whereas in reality it is due to the drying out of the surface
layers of the soil. In a mixed stand of beech and pine, on a sandy soil, the beech disappears almost entirely after a few years, and there is left a pure stand of pine. Without doubt this is due to the drying out of the humus layer in which the beech has
most of its root system.

An article by Fricke (1904) throws considerable light on soil moisture
as a frequent determining factor in the germination and survival of reproduction under full canopies. This article has not received the attention
by silviculturists which it merits.
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Fricke's experiments show that the dearth of vegetation on the forest
floor of a fully stocked stand can often be attributed, not to insufficient light,
but rather to a lack of soil moisture which tends to prevent germination or
causes the premature death of. young seedlings. Part of his experiments
he conducted in a 70 to 100 year old stand of white fir where he had selected
several different site qualities. By trenching to a depth of 25 cm. he severed
the roots of the surrounding trees so as to isolate in each case a quadrat of
soil. The intensity and quality of light which reached the forest floor remained unaltered. During the first summer he obtained a copious flora of
both herbaceous and woody plants on the trenched quadrats, which was in
marked contrast to the conditions on the untrenched check quadrats where
there was little or no vegetation.
He constructed quadrats in a 100 year old stand of Scotch pine on which
he sowed, without previous soil preparation, seeds of red oak, beech, fir, and
Scotch pine. Untrenched check quadrats were also established. An excellent
germination and growth was obtained on the trenched quadrats, not only of
the more tolerant beech, but also of the pine, oak, and fir. In comparison, the
untrenched check plots showed a poor germination followed by a low survival. The oak seedlings which did survive the first summer showed a
height growth scarcely one-fifth that of similar seedlings on the trenched
quadrats.
During the four driest months of the year, June, July,. August, and September, he secured definite volumes of soil-in-place. from the trenched and
untrenched quadrats, and found that in each case there was considerably
more soil moisture in the trenched areas than in the untrenched. A wooden
cylinder, 40 cm. in diameter and 40 cm. high, was driven into the soil flush
with the surface. The roots enclosed within the cylinder were severed, and
the walls of the cylinder which remained in place allowed no movement of
water to the surrounding soil. Moisture determinations based upon volume,
here showed that after some time the soil within the cylinder contained three
to four times as much moisture as did the surrounding soil during the
critical periods of· the growing season.
From the results of these and similar experiments, Fricke concluded that
root competition for soil moisture was the basic cause of the absence of
vegetation under an overwood. He also states that the increase in growth
after a thinning is due not so much to the added amount of light which
reaches the tree crowns as it is to the increased amount of moisture available
due to decreased root competition.
Fabricius (1927) published the results from a series of trenched quadrats
10
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3. Forest cover tends to increase the water-holding capacity of the soil
and to decrease soil density.
4. The combined loss of water from transpiration and evaporation from
open soils exceeds that from forest soils, thus making the forest exert a
beneficial influence on the water regimen. For this reason more moisture is
found in forest soils during dry periods of the summer and winter than is
found in similar open soils.
Four years after the appearance of Engler's publication, Burger (1923)
put forth a comprehensive treatise on the physical properties of open and
forest soils. He worked under the direction of Engler, and in many respects
his contribution appears to have improved upon Engler's previous work. He
used essentially the same technique as that employed by Engler, and in
minor fields only did he extend his investigation beyond what had already
been done.
His experiments were conducted in ten localities, all in relatively close
proximity to Zurich. The results stand in close agreement with those of
Engler, except that he found that, during the driest periods of the summer
months, the forest soil consistently maintained a lower water content than
similar agricultural or meadow soils. This, he states, is due to the high rate
of water loss through transpiration by the forest. From the· results of his
work he draws the following conclusions:
I. Samples of soil-in-place, secured by the cylinder method of sampling,
are more desirable than samples of disturbed soil.
2. A cylinder with a capacity of 1,000 cm. 3 is the most desirable size.
3. The expansion of samples during saturation is usually small, because
the water content is ordinarily only a few per cent less than the water-holding capacity of the soil.
4. Soil density both in the forest and in the open areas increases with
increase in depth.
5. Pore space, on the contrary, decreases with increase in depth.
6. The water-holding capacity is greatest at the surface. With increase
in depth it decreases, at first rapidly and then more slowly.
7. The density of forest soils is considerably lower than that of similar
agricultural or meadow soils.
8. The very much greater permeability of forest soils in comparison with
open soils is not apparent from a study of the relatively small differences
which appear in density and porosity.

Halden (1926) has recently published the results of his investigations
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on soil moisture. In different years, samples covering a wide range of conditions in Sweden were taken from the same sites under .forest cover and
at varying distances from the edge of the forest. He bases his results both
upon volume and weight determinations. He· distinguishes three soil layers
with reference to distribution of moisture conditions, namely (1) a variably
moist layer near the surface, (2) a drier transition layer, and (3) as the
water table is approached, a layer in which the moisture increases are due

to capillarity.
In Halden's experiments the samples upon which water-holding capacity
determinations were made were taken at each station immediately under
the litter and at depths of 15, 40, and 80 em. In the coarser gravels,moisture differences were found to be greater and the distribution of moisture
less uniform than in the finer sands.
He concludes that in the summer the soil under forest cover is drier than
the soil in the open, at least to a depth of 80 em. Both in the open and in
the forest the surface layer is the more moist, due probably to the greater
water-holding capacity of this layer because of its higher humus content.
During periods of drought this distribution in the open may be reversed on
the surface, and it is then that damage to reproduction may occur, especially on the edges of stands where root competition is added to the drying
effect of exposure to sun and wind.
An article by Aaltonen (1926) is of particular interest for the light it
throws on the significance of soil moisture in the forest. From a study of the
detailed charting of forest stands and reproduction in Finland, under both
natural and second growth conditions, Aaltonen comes to the conclusion
that there exists between the members of each species a very definite space
arrangement which is directly dependent upon the quality of the soil.
According ·to him in an opening in any forest the seedlings in the
center are the highest and become progressively smaller as the border trees
are approached. The height of the seedlings and the height of the border
trees are in a definite relation to each other. No seedlings are found in an
open stand, under ordinary conditions of seed tree spacing, in the close
proximity of each seed tree, as illustrated in a shelterwood cutting. The
extent to which the seedlings can develop after a cutting depends on the
spacing of the trees in the remaining stand. The above holds true for . a
poor site. If, however, the site quality is a good one, a profusion of seedlings
appears, not only in small openings but also beneath the canopies of fairly
dense stands. That an orderly space arrangement exists here is equally
true, but it is somewhat more difficult to perceive.
13
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A definite space arrangement· for each soil· type exists between the trees
in an even-aged stand. The poorer the site, the larger the growing space
necessary for each tree. This, he states, is very obviously not a light relation at all. The space arrangement of those parts of trees which are above
the soil is mainly decided by their roots and the competition existing between
them for water and nutrients in the soil. This fact he then proceeds to
demonstrate very clearly by means of a laboratory experiment with corn.
Board frameworks, IS em. wide, 50 em. high, and 100 em long, open at the
top and bottom, were sunk into the soil 50 em. apart. Nine stalks of corn
were grown in each frame. In a check plot exactly the same procedure was
carried out, except that the board frames were .entirely omitted. When the
plants were 54 days old and over a meter high, 36 new plants were grown
in each intermediate section. The experiment now remained undisturbed.
When harvested, the first planted corn was more than two meters high and
very luxuriant, spreading its leaves over the intervening sections. The
younger corn plants taken from between the boards were approxima;tely
twice as tall and contained three to four times the amount of dry matter of
those grown without the intersecting boards. In the first case the roots of
the younger corn plants did not have to compete with those of the older ones
for nutrients and moisture, whereas in the second case they did.
COMMENT

As the work of Engler seems so directly to contradict that of Ebermayer,
Burger, and ,Halden and to make an implied refutation of the work of
Fricke and Aaltonen, it might be well to analyze the causes which contribute towards his conclusions. Engler states that the average annual rainfall over the period 1903 to 1915 exceeded 61 inches in the area in which
his research was conducted. The rainfall during the two driest months of
the year, February and October, exceeded 3 inches in both cases. Coupled
with this, he states that the mean annual temperature for the same period
of time was 43 0 F., and that during the two hottest months of the year,
July and August, the average temperature was only 68 0 F.
Under such conditions of precipitation and temperature, the lack of soil
moisture is not likely to be a serious menace to the growth of vegetation.
For this reason both Burger and Engler apparently··tend to disregard the
amount of moisture available for growth and to concentrate their attention
on the study of soil conditions such as porosity and aeration. Burger's statement that the water-holding capacity of the soil is normally only a little
higher than its water content, and that the water content never falls
14
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below 50 per cent of the water-holding capacity, confirms the above and
implies that there is normally present too much moisture for optimum conditions of growth.
The fact that Engler consistently emphasizes the much greater permeability of forest soils to water in comparison with denuded soils, together
with the high rainfall and the steep sloping nature of the watersheds in
which his samples were taken, may account for the fact that during the driest
periods the.forest soils showed a greater water content than did similar open
soils. The reason that the forest exerts a beneficial influence on the water
regimen is not because, as he states, the amount of water lost through evaporation in the open exceeds that lost by the combined effect of evaporation
and transpiration in the forest, but because the forest tends to increase the
percentage of the precipitation that seeps into the soil and to decrease that
which flows over the surface.
Engler found, by using an evaporimeter, that the loss of water by direct
evaporation in the open is three times as great as that lost beneath the forest
canopy. By determining the total amount of leaf substance produced for
each major species per hectare per annum, and by correlating this with the
amount of moisture transpired by 100 grams of leaf substance, he concludes finally that the annual total loss of moisture by evaporation and
transpiration in the forested Sperbelgraben is 4230 m. s of water per hectare, as opposed to 4368 m. s in the denuded Rappengraben. This result
may be questioned as it is open to errors of experimentation and interpretation.
.A.altonen's whole attitude towards the question of tree spacing and soil
productivity, with its relation to soil moisture, is an extremely plausible one.
It is unfortunate, however, that he made no soil moisture analyses with
which to support his theory.
Apparently no attempt has yet been made to determine in actual per
cent, either of volume or weight, the amount of available soil moisture in
the forest during the dry critical periods of the year. This is of great importance, for the amount of physical water which would constitute an optimum condition for growth in one soil may be insufficient to support plant
life in another. That a soil during a critical period contains IS per cent of
moisture is of little significance. We know nothing about the extent to which
this IS per cent is available for plant growth. In the investigation about to
be described, it was aimed to correlate all moisture determinations with
their respective availability.

IS

Fig. I. The forested area, sho\ving the stand of white pine 50 to 60 years old.
Note the lack of intermediate vegetation and the ericaceous shrubs in the foreground.

Fig.

2.

The open area in the artificially regenerated stand of red pine.

SOIL MOISTURE IN THE OPEN AND IN THE FOREST

PART I
SOME ASPECTS OF SOIL MOISTURE IN THE OPEN
AS COMPARED WITH THAT IN THE FOREST
N order to determine the effect of a fully stocked forest upon the water
content of the soil and the extent to which this amount is available to

Ithe vegetation on the forest floor, the following plan was adopted. Two areas
were selected, as nearly alike as possible in all respects save forest cover.
They were in close proximity, so that differences in soil, aspect, slope, and
exposure were reduced to a minimum. The stand was old enough to have
assumed the form typical of the mature forest, with its soil so influenced
and adjusted as to be in conformity. with conditions peculiar to such a
forest. In contrast to the forested area, the open area was completely exposed and entirely denuded of all vegetation.
As the problem is essentially one which attempts to determine the growth
water during critical periods of the growing season, soil samples were
secured from the two areas only during the driest periods. Differences due
to dissimilar samples were largely eliminated by securing the average value
for a large number of samplings. Furthermore, soil samples were taken at
depths sufficient to cover the soil volume from which the vegetation normally derived its soil nutrients and moisture.

THE SITE

The site upon which the above plan of research was conducted bears a
fully stocked stand of white pine, 50 to 60 years old, adj acent to an open
field which has only recently been artificially stocked with red pine (Pinus
resinosa). (Fig. I.) The open area has not been directly influenced by
forest growth for at least. sixty years, and it is problematical as to how
long before this it had remained under tillage.
An analysis of the dominant vegetation on the forested area, made by
Li (1926) ,is summarized in Table IV.
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A similar technique was followed in the forested area, except that here
it was necessary to remove first one or two inches of undecomposed needle
litter before the auger was inserted.
Laboratory procedure. Each sample was thoroughly mixed and divided
into two portions. Part of the first portion was placed in a suitably numbered standard soil can and sealed. The second part was passed through a
2 mm. sieve to remove its gravel content. A sample of the "fine earth" was

placed in a similar can and sealed. When this procedure was completed for
all the samples, the entire series was weighed to the nearest centigram.
These cans, 40 in number, were then placed in an oven and dried to a
constant weight at 110° C.
After the samples were removed from the oven and weighed, the gravel
fraction of those samples from which this fraction had not been previously
removed, was secured. This was done by weighing the part not passing
through a sieve with a 2 mm. mesh. The fine earth fraction of each of these
samples was then placed in a sieve with a mesh of 0.5 mm., and the soil
particles which did not pass through were added to the gravel fraction of
the same sample and weighed. This determined the weight of the "soil
skeleton" or that fraction composed of soil particles with a ~iameter exceeding 0.5 mm.
The amount of moisture present in each original sample was then calculated as a percentage of weight of the dry samples containing all the
various soil fractions, of the dry weight of the fine earth secured before drying, and of the dry weight of the fine earth determined after drying. The
percentage of gravel and soil skeleton was based on the dry weight of the
total samples.
Results. The data of the twelve individual series were averaged. The final
results are shown in Table V. As all these series were secured under similar
conditions and were carefully selected only during dry periods, an average
of the results obtained gives a clearer picture of the moisture relations between the forest and the open soils than would any individual set of samples.
The discrepancies which naturally appear between any two sets of samples
tend to disappear in a consideration of all the series taken as a whole.
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In the present investigation samples were secured by volumetric methods
from the same areas in the open and in the forest, as in the previous study
of soil moisture based upon weight. They were taken during the driest
periods from July to September, 1925, and July to October, 19 26 .
Method. The cylinders selected for this study were constructed out of
7i 0 inch steel and had an interior cross section of 100 cm. 2 As they were
3
10 cm. long, they had a capacity of exactly 1,000 cm.
The samples were taken from the sides of pits freshly opened. (Figs. 6
and 7.) A cylinder was forced into the soil by the weight of the body, until
it maintained a rigid position. A wooden block, 2 x 4 inches in diameter,
was then placed over the upper rim of the cylinder. By striking the block
with a wooden mallet the cylinder was driven into the soil perpendicularly.
When it appeared almost flush with the soil surface the block was removed
and a narrow firm bar of steel was placed across the cylinder opening. The
cylinder was then driven into the soil until it became completely filled. This
latter operation was necessary lest the soil sample be compacted after it
touched the block. A flat trowel was then inserted beneath the cylinder from
the edge of the pit and the sample removed. The soil protruding above the
upper edge of the cylinder was removed by drawing a large sharp knife
with a thin blade across the top until the soil remained level with the cylinder rim. A brass cover which just fitted over the top of the cylinder was put
in place, and by inversion the excess soil was removed in a similar manner
from the opposite surface. The sample now contained 1,000 cm. 3 of soil-inplace. A brass sieve, covered at the bottom with a fine brass screen cloth, was
placed over the bottom of the cylinder and its sample.
U sing the same technique, samples were then secured from each depth.
They were not taken directly beneath one another, due to the necessary
disturbance of the soil which took place beneath each cylinder when it was
lifted. The samples were suitably numbered to enable later identification
as to depth and location.
In forest soils the undecomposed needle litter was removed before the
insertion of the first cylinder. The cylinders with their contained samples
were then placed in a flat box and transported to the laboratory.
Accuracy of results depended on the technique and care exercised in taking the samples. The presence of large pebbles and roots often caused the
disturbance of the soil in the sample, and in such cases it was discarded.
Roots which were contained in a sample but projected out of the cylinder
were cut off level with the soil surface.
Laboratory procedure. When the samples were brought into the labora-
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tory, the fine soil particles which had penetrated the brass screens during
the process of transportation were added to each respective sample, following which all the samples were weighed to the nearest gram. The cylinders with ,their contents were then placed on a small board covered with
paper and set in tubs. (Fig. 8.) Water was poured around the cylinders
until it rose to the level of the soil surface inside the cylinders. Care was
taken to see that all water entering the cylinders was forced up from the
bottom through the brass screens by the weight of the surrounding water
and that none entered from the top. Due to the sandy nature of the soil,
the water penetrated the samples almost as, rapidly as it was poured into
the tubs. No expansion occurred on saturation. Due to the expansion caused
by the saturation of loam soils, Burger (1923) and Engler (1919) were
forced to make separate tests on the water-holding capacity. The soil which
expanded above the cylinder rims on saturation was carefully removed witha sharp knife.
The samples were left in water for twenty-four hours. This exceeded the
time necessary for complete saturation, but was done in order to conform
with the technique used by Burger. After saturation the covered samples
were lifted out of the tubs and allowed to drain for a period of one hour.
During, this time all the gravitational water was liberated and no further
dripping occurred. Each sample was then tilted at a slight angle in order to
release the free water adhering to the brass mesh and apparatus. All the
soil particles which passed through the sieve during saturation were caught
on the paper below. When this had ,been added to each respective sample,
they were again weighed to the nearest gram.
The cylinders with their contained samples were placed in the soil ovens
and dried to a constant weight at 110 0 C. This required approximately
thirty-six hours. The samples were separated into the fine earth and gravel
fractions by the use of a 2 mm. sieve. The coarser fraction was weighed,
and the weight of the finer fraction calculated. The two fractions were then
recombined,bagged, and'labeled so as to form a set of composite samples
on which further studies were made.
The amount of moisture present in each sample, when brought in from
the field, was calculated as a percentage of the total soil volume of the dry
weight of the' soil containing' all the soil fractions, and of the dry weight
of the fine earth determined after drying. The water-holding capacity, Le.
the maximum amount of water retained by capillarity, was calculated as a
percentage of the total dry soil weight and as a percentage of volume of
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Fig. 6. Securing samples fronl the denuded area. The cylinder contains
cm. 3 of soil-in-place.

1,000

Fig. 7. Securing samples from the denuded area. The cylinder is sho\"n as it
appears before being ccnnpletely driven into the soil.

Fig. 8. Saturation of samples of

soil-in~place.

Fig. 9. The Echard pans after they,vere sealed in ~\Tith wax. The pan on the
extreme left is already showing signs of permanent wilting.

SOIL MOISTURE IN THE OPEN AND IN THE FOREST
soil-in-place. The percentage of gravel was based on the dry weight of
the total s~mple.
Results and Discussion. The data of the six individual series were averaged and the results are shown in Table VI. These results give a clearer
conception· of the moisture relations in the open and in the forest than
would be possible from any individual series. The individual series, however, appear remarkably consistent when the complexity of soils is taken
into account.
Soil moisture, considered as a percentage of volume of soil-in-place, allows· the same generalizations to be drawn as previously when based upon
weight. A comparison of moisture values when based upon volume,.however, brings certain interesting points to light. An. analysis of Table VI
shows. the following:
I. The soil consistently increases in density with· increase in depth.
2. Open soils are considerably denser than forest soils. The soil between
the surface and a depth of 10 em. in the denuded area is 26 per cent more
dense than that in the forest area. This difference in density is the main reason for the discrediting of moisture values when based upon weight.
3. The moisture-holding capacity of the forest soil, when based upon
volume, is only slightly greater than that of the soil from the denuded
area. When based upon weight, the forest soil has a very much higher waterholding capacity than the open soil, at least to a depth of 40 em. This difference is caused by the mathematical distortion of the capacity value for
the forest, due to its relatively low soil density.
4. Both in the open and in the forest there is a fixed ratio existing between the moisture values when based upon volume and weight for each
soil depth. In each area the relation between the. capacity curves, when based
upon volume and weight, is mathematically identical to the two curves of
moisture content. This is true because the same conversion ratios are used
to express moisture on the basis of weight or volume..
5. There is considerably more moisture during dry periods in the open
than there is in the forest, based either upon volume or weight. This difference is greatest in the surface layers.
An interpretation of the results obtained in Table VI is closely dependent
upon the minimum amount of soil moisture necessary to sustain plant .life.
A complete analysis of the results will therefore be deferred until a· discussion of the wilting coefficient has been made.
The Wilting Coefficieni. The soil samples from similar depths, obtained
during the entire study, were combined and thoroughly mixed, thereby
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Briggs and Shantz (1912*) have also developed a formula which gives
the wilting coefficient by indirect determination from the water-holding
capacity or capillary moisture capacity of soils.
. .
.
water-holding capacity wIltIng coefficIent ==

21

2·9

For the sake of comparison, the wilting coefficients of the open and of the
forest soils were also determined by this method.
Table VII gives the results of these various methods by which the wilting coefficients may be derived. An analysis of the data shows the following:
I. There appeared no consistent difference in the results from the two
samples of soil from the Echard pans. This shows that the soil was fully
occupied by the roots of the wheat seedlings. The mean value for the two
samples was used in the recorded results.
2. The wilting coefficients derived from the moisture equivalents were
consistently higher than the coefficients determined by the direct method.
The difference was most marked in the surface soils, where the organic
content was highest.
3. Wilting coefficients derived from the capillary moisture values gave
results that were much higher. This was especially true of the surface samples. Small differences in the organic content of soils exert a marked influence on the amount of capillary moisture held against the force of gravity.
This is not taken into account when a constant of 21 is employed for all
soils. Moreover, as the capillary moisture of the soil is determined upon the
basis of weight, differences in density between the forest and the open soils
cause a mathematical distortion of the percentages of capillary moisture.
This distortion is apparent in the derived wilting coefficients.
4. Both the direct method by wilting and the indirect method based upon
the moisture equivalent showed little or no difference in the wilting coefficients of the open and of the forest soils. On the basis of this limited
investigation, we can infer only that the wilting coefficients of both the
open and the forest soils vary from approximately 4 per cent at the surface
to approximately 1 per cent at a depth of 90 cm. Determined indirectly from
the moisture equivalents, the coefficients are about 30 per cent higher.
5. The wilting coefficients consistently decreased with increase in soil
depth. This was largely due to the concentration of the organic and colloidal
matter in the upper soil layers.
6. The coarse sandy nature of the soils in question is reflected in the
correspondingly low values of the wilting coefficients.
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Briggs and Shantz (1912*), after an extensive study, concluded that the
differences in the wilting coefficients of various plants grown in the same
soil are much less than one would suppose. These differences are of little importance as compared with the large differences which may be caused by soil
texture. Tourney (1926) found that, for a given soil, the wilting coefficient
determined by using wheat was higher than that given by white pine. This,
he states, was probably not due to the greater power of the pine to withdraw moisture from the soil. The wheat transpired more rapidly than the
pine, and consequently the soil in contact with the roots of the wheat seedlings reached the point of water non-availability while there was yet considerable moisture in the soil mass as a whole. On the other hand, the pine
roots withdrew the water so slowly that there was time for its replacement.
Free (1911) states that nine times out of ten a plant dies, not because
the water in the soil mass is no longer adequate, but because it is no longer
supplied by the soil to the absorbing roots with sufficient rapidity to replace
water lost by transpiration. The matter is really one of rates with which
quantity factors have nothing to do.
In the direct determination of the wilting coefficient as already described,
the values obtained are considerably lower than would occur.·. in nature
under normal conditions. In the first place, due to the saturated atmosphere
which surrounded the wheat seedlings, the.rate of transpiration was reduced
to a minimum. In the second place, the soil mass was so completely occupied
by the roots that the necessity for the movement of soil moisture was also
reduced to a minimum. In the opinion of the author the mathematical expression for the wi!ting coefficient under the given set of conditions is an
expression of a complex factor in which the rate of transpiration, the rate of
movement of soil moisture, and the anti-osmotic pressure of the soil solution play an important part. The ultimate value of these tests relies upon
the fact that the wilting coefficients of the two soils were determined under
identical conditions. Whether the results are increased or reduced by 50
per cent will have little bearing on the problem at hand, due to the relatively
small amounts of moisture involved.
As already stated, moisture expressed as a percentage of dry soil weight
is a relative quantity, the significance of which is dependent upon· the soil
density. It is therefore desirable to know the actual amount of moisture,
expressed as a percentage of volume of soil-in-place, which would be nonavailable to plants under similar conditions. Because of the relation which
exists at each depth between moisture based upon weight and upon volume,
it is possible to derive the wilting coefficient by volume from the weight determination for each depth and location, thus:
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Available soil moisture or growth water. Average moisture in per cent
was plotted on depth of soil in centimeters. Figure 10 shows the water-hold.,
ing capacity, the moisture content during the driest periods of the year, and
the wilting coefficient in the open, plotted on a basis of both· volume and
weight. Moisture by volume is consistently greater than moisture by weight.
The fact that there exists between the three sets of curves the same relation
is clearly demonstrated. The wilting coefficient by volume derived from the
weight determination is plotted so as to conform with the curves of water
capacity and moisture content.
Figure 1 1 shows the same relation in the forest. Here, due to the marked
change in soil density between the upper and lower soil layers, moisture
based upon weight is distorted in the upper soil layers so as to be considerably greater than the moisture based upon volume. Again there appears
the constant relation between the three sets of curves.
Figures 12 and 13 show a comparison between the moisture values in the
open and in the forest when based upon volume and weight respectively.
The wilting coefficient by volume in the forest is shown to be greater than
that in the open.
To determine the amount of moisture available to plants during the driest
periods of the year in the forest and in the open, and also the maximum
amount of growth water possible in the two areas, the non-available moisture was deducted in each case from the physical water. The results are
shown in Table IX.
Table X gives the percentage increase of available moisture in the open
over that in the forest during the driest periods of the year. Table XI shows
how forest cover tends to increase the maximum growth water capacity of
soils.
An analysis of Tables IX, X, XI shows the following:
1. During the driest periods of the year there is more than twice the
actual volume of water available to plants in the first 90 cm. of soil in the
open than there is in the forest.
2. During these periods the actual volume of available moisture present
in the open is 27 per cent of the maximum volume of available moisture
which the soil can hold. In the forest there is present only 13 per cent of
this amount during the driest periods.
3. The maximum volume of available moisture that the forest soil can
hold is 5 per cent greater than the maximum volume capable of being held
by the open soil. This is because the forest cover directly and indirectly
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Table XII gives the organic content of the open and of the forest soil
to a depth of 90 em. The difference between the two soils is considerably
less than one would suppose. The average organic content of the forest soil
to a depth of 90 em. is only 4 per cent greater than that of the open soil. The
organic matter is greatest in amount at the surface and consistently decreases with increase in soil depth.
This result explains, to a large extent, the reason for the almost negligible
differences in the wilting coefficients and the water-holding capacities of
the two soils. There is a marked contrast between the two soils, however, in
that the forest soil has a surface layer of litter which is absent in the open.
This undecomposed organic matter was not included in the first sample
taken from the forest soil.
It is extremely difficult to increase the organic content of soils. Dyer
( 1902) states that this is well illustrated by the Broadbalk Field at Rothanstead which has been continuously in wheat since 1843. In plot 2b, which
has received an annual application of farmyard manure for the last 50
years, making in all a total of 700 tons of manure per acre, the organic
content of the first 9 inches of soil is only 1.34 per cent higher than that of
plot 3 which, during the same period, has been continuously cropped without the addition of any manure or fertilizer. During the last 12 years this
increase has amounted to less than 0.1 per cent.
Alway and Neller (1919) made a detailed study of the moisture conditions found in two adjacent Minnesota plots. The soil of both the plots was
composed of a silt loam, very uniform in texture but differing widely in the
content of organic matter as the result of great differences in cultural treatment. They conclude that in a fine textured soil the small differences in the
water-holding capacity, due to dissimilar amounts of organic matter that
may be caused by differences in manuring or cultural operations, exert but
little influence upon the soil productivity.
A small increase in the organic content of a soil is reflected in a corresponding increase in its wilting coefficient and water-holding capacity. It
is not, however, in the mathematical expression of 'the organic content that
the differences between forest and denuded soils appear to the best advantage.
Rate of water absorption in open and in forest soil. The rate of absorption
of free water by the soil is an indication of its physical condition. The time
it takes for a given volume of water to be absorbed by a given soil area is
influenced by such factors as soil composition, looseness, pore spaces, organic content, and openings in the soil due to animal and vegetable life.
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into.the upper. cylinder, and· the time which it took for the water to disappear
into the soil, was recorded with a stop watch. (Fig. 15.) .The undecomposed
needle litter.· was. removed before the insertion of· the first cylinder. Many
tests were made and an average time was thus derived. for the open and
for the .forest area. The same process was repeated for the second 10 em.
depth. New localities were, of course, tested in each case. The results are
shown in Table XIII. It is seen that the forest soil is much more permeable
to free water than is the soil in the denuded area, even though it is loose
and sandy. The difference is most marked at the surface.
The soil fauna plays an important part in rendering the soil permeable
to water. Worm tunnels form channels in which the water is rapidly transferredto lower levels. In the forest the presence of the many insects which
live in· the. decomposing leaf litter and the decayed roots of trees aids in
the rapid draining of free surface water into the holes made by them. The
increased biological activity in the upper layers of forest soils as compared
with soils in the open is also reflected in the greater rapidity with which water
is absorbed. During periods of heavy precipitation the volume of water which
runs off from the surface in the open may greatly exceed that in the forest.
Due to the increased porosity which is characteristic of forest soils, saturation occurs before there is any appreciable run-off. In the forest, moreover,
the greater mechanical obstruction to the movement of free water over the
surface is an important factor in retarding the flow.
Water-holding capacity of the various soil fractions. During the period
of soil investigation in the field, it was repeatedly noticed that the magnitude of the gravel fraction in a particular soil sample had a marked effect
upon the mathematical expression of its moisture content or its waterholding capacity, when based either upon volume or upon weight. A sample
with a high gravel content would feel wet to the touch. On the contrary,
another sample in which the gravel content was small would feel dry. A
determination of the moisture content of the two samples would show. that
the first sample containing the high percentage of gravel held considerably
less moisture than did the other. The water-holding. capacities of these samples were likewise affected by this difference in gravel content. Inconsistenciesdue to differences in soil composition, therefore, appeared throughout the moisture determinations.
In·. order to determine the specific influence of the various soil fractions
on the moisture relations of soils, the following study was undertaken.
A composite soil sample was selected from an average soil profile down
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Fig. 14. Rate of absorption of free water in the forest. The two cylinders are
joined together with rubber tubing so as to be "water-tight 'when a litre of ,vater
is poured into the apparatus.

Fig. IS. The time which it takes for a litre of water to be absorhed by the
soil is recorded with a stop watch.
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the space arrangement, it may readily be understood that no two soil samples are absolutely comparable. However, as illustrated in Tables V and VI,
results in good agreement are obtained by securing the average values for
a large number of samples.

PART II
THE EFFECT UPON THE AVAILABLE MOISTURE IN THE
FOREST SOIL OF ISOLATING QUADRATS
BY TRENCHING

T

HREE pairs of quadrats, 5, 10, and 27, were established by Professor Tourney in the Yale Demonstration and Research Forest in
1922, 1923, and 1924. The purpose in establishing these quadrats was to
compare reproduction, growth, and soil moisture in trenched quadrats with
that in untrenched quadrats similarly located. It is clearly demonstrated
by the data presented and discussed in Part I that forest cover tends,
through transpiration, to exhaust the amount of available soil moisture
with the progress of the growing season. The problem here, however, is to
determine the effect of root competition upon the amount of available moisture within the forest soil during the driest periods of the year.
An intensive study on the effect of trenching upon the origin, survival,
and growth of the lesser vegetation on the forest floor was undertaken by
Professor Tourney. Attention here, however, is focused upon the moisture
aspect of trenching, and data presented by him will be only briefly introduced in order to support certain facts revealed by this study.
THE QUADRATS AND THEIR LOCATION

All three pairs of quadrats are located in the same valley region as described in Part I. The characteristics of climate, topography, and soil are
similar to those of the forest area already described. The three areas differ
only in the age and density of the forest cover under which the quadrats
are established.
Trenched quadrat 5, 9 x 9 feet, was established in July, 1922, beneath
the canopy of a 40 to 60-year-old stand of white pine.. The ground cover
consisted chiefly of pine needles with a scanty surface vegetation of
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herbaceous plants, moss, and a scattered reproduction of 2 year old pine
and hemlock seedlings. The average photochemical light intensity over, the
quadrat, 3 feet above the ground, determined on clear days in summer,
proved to ,be one-fourteenth of full sunlight. (Fig. 16.)
Trenched quadrat la, 6 x 6 feet, was established in September, 1923. It
was located under a very dense 30 year old stand of white pine in which
the forest floor was entirely bare of vegetation, the ground being covered
with a uniform layer of pine needles, 10 to 20 inches in thickness. Light
intensity was here one-sixty-fourth of full sunlight. (Fig. 17.)
Trenched quadrat 27, 9 x 9 feet, was established in 1924 under conditions which form an average between those found in' quadrats 5 and 10.
The, overwood consisted of a stand of pine 30 to 50 years old. The forest
floor was partially covered with a scanty surface vegetation which, was entirely removed. (Fig. 18.)
The details of trenching were similar in each case. A trench around each
quadrat was excavated to a width of I foot and a depth of 3 feet. All roots
were cut off along the walls of each trench and were charted as to size and
location. In all cases the roots of the surrounding pines more or less completely occupied the soil and were usually concentrated in the upper foot.
In the third foot of soil the roots were almost entirely absent. The trench
was refilled and covered over with litter so' as to present a normal appearance. The plots, were permanently marked by driving in iron pipes at· the
corners.
Check untrenched quadrats were established adjacent to each trenched
quadrat. In each alternate year from the time of trenching the' quadrats
were retrenched so as to sever the roots which had reentered the isolated
body of soil.
MOISTURE DETERMINATIONS

All, moisture determinations in this study are expressed as a percentage
of weight of oven-dried soil. It was not possible to obtain samples of soilin-place from the trenched quadrats without the disturbance of a large
body of soil. Soil samples were" taken with a standard soil auger with' the
sleeve attachment as already described. When this method was not possible,
due 'to the presence of large stones, samples were secured by digging with
a spade to the required depth in from the margin of the quadrat. Samples
were taken to a depth of 30 inches, a six inch depth to each sample.
A series of soil samples was taken from each of the trenched and un-
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Fig. 16. Quadrat NO.5. A view of the quadrat showing each of the ·white pine
and hemlock seedlings consecutively marked with small stakes.

Fig. 17. Quadrat I o.Showing the dense nature of the canopy and the forest
floor entirely bare of vegetation. The untrenched check quadrat is in the foreground.

Fig. 18. Quadrat No. 27. Plots laid out prior to trenching. Note the nature of
the overwood.
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trenched quadrats. This fact tends to explain the prevalence of tree roots
in the uppermost foot of soil.
3. During the three driest months of the year, July, August, and September, the amount of available soil moisture sometimes falls below the minimum amount necessary to sustain the life of the lesser vegetation. (Figs. 20
and 21.) This fact is of· great significance in accounting for the lack of
survival of reproduction beneath full canopy.
4. Soil moisture is abundant in the spring and autumn as shown by the
data secured in June and November. During these periods the trenching
exerts relatively little influence on the amount of available moisture present
in the soil.
5. As the analyses of moisture are based upon single determinations,
inconsistencies are apparent. These are caused by differences of organic
content, gravel content, soil composition, etc., in the samples. As stated in
Part I no two soil samples· are absolutely comparable. In the three quadrats,
however, the same moisture trends are consistently illustrated.
6. The wilting coefficients of the soils from the three quadrats, 5, 10, and
27, are comparable. The coefficients of quadrat 27 run a little higher than
those of the other two.
This study appears ~o show that soil moisture may control the survival
of reproduction in the forest. Moreover, the determinations of moisture
do not do the facts justice and tend to understate the case. The minimum
amount of moisture in the laboratory-tested soil which could maintain
plant life was determined under conditions far less severe than is found
in nature. The soil in the test pans was so completely occupied by the roots
of the wheat seedlings that the necessity for the movement of soil moisture
was reduced to a minimum. Moreover, as the plants were grown in a nearly
saturated atmosphere, optimum conditions for reduced transpiration were
maintained. These facts reduced the wilting coefficients to the lowest possible minimum. Hence, when figures 19, 20, and 21 show that moisture at
the surface is available to plants, we may here have a distortion of fact.
The soil when taken in the field supported no plant life other than the pine
roots which happened to pass through it. Soil, therefore, which showed an
available moisture content of 3 per cent by actual test, might have shown
under similar conditions, if fully occupied by the small roots of young reproduction, a negative available moisture content.
The effect of trenching on germination, survival, and growth is shown
by Toumey (1929). He states that in quadrat 5 at the time of trenching,
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a total of IS species of low shrubs, herbaceous plants, moss, and. 2-year~old
tree seedlings were present on the trenched quadrat. Twenty-five white pine,
one pitch pine, and nine hemlock, from one to two inches in height, were
found and located on the chart. The. distribution and character of the vegetation on the untrenched check quadrat were practically the same as on the
trenched, with the exception that the average density was 24 per cent greater.
The total number of .species present was. the same, and they occupied the
sa-me relative position as to abundance.
The contrast between the vigor and growth of the surface vegetation· on
the trenched quadrat as compared with that of the untrenchedquadrat
began to be apparent a few months after trenching. In September, 1923,
the year following trenching, after a dry August, the vegetation .on. the
trenched plot was still fresh and thrifty, while that on the untrenchedplots
appeared to be in poor condition from lack of available soil moisture. In
early September the following year, namely, the beginning of .the second
year after trenching, the contrast between the trenched and untrenched areas
was even greater. In August, 1925, more than three years after the first
trenching, the trenching repeated at two year intervals, the vegetation on
the two plots was recharted. (Fig. 22.) Due to the marked increase in
moisture in the trenched plot, a succession had occurred, and some of the
species most abundant when the plot was established had disappeared or
become greatly reduced in numbers). Other species, some of which were
entirely absent when the plots were established, were now abundant on the
trenched area. Moist soil species and swamp species, which were entirely
absent when the plot was first trenched, now appeared in the vegetation.
An analysis of the species on the trenched plot showed the presence of 31
species in .contrast with IS when the plot was first trenched. On the untrenched quadrat the original IS species have been reduced to 7. The more
xerophytic species persisted, while on the trenched quadrat some xerophytic
species have been replaced by balsam (Abies balsa1nea) and other .species
characteristic of moist surface soils. The fairly abundant reproduction of
2- year-old seedlings of pine and hemlock present un the plot when established had been reduced on the untrenched plots to 5 per cent of the original
number. The total number of tree seedlings on the trenched plot was 21
pine, 12 hemlock, I balsam, 2 grey birch, and 4 aspen, all of which· were
making fairly vigorous growth. The grey birch and aspen as yet showed
no indications of suffering from lack of light.
In April, 1924, the leaf,litter was removed from half of each of the pair
of quadrats 10, and I ounce of white pine seed, having a viability of 84
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Fig. 22. Quadrat NO.5. A close-up view along the margin of the quadrat
three years after the initial trenching, showing the contrast in the vegetation on
the two sides of the trench.

Fig. 23. Quadrat No. TO. View taken of the trenched quadrat two years after
the initial trenching, showing the half with the litter removed in the foreground
and the half with the litter intact in the background. Note the abundant vegetation on the half in the foreground,
~
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per cent, was uniformly sown over each, both on the litter and on the part
where the litter was removed. Each quadrat was divided into squares, one
foot on a side, and 'a record was kept of the vegetation that appeared on
each square foot of surface.
A count of pine seedlings was made at fortnightly intervals during the
growing season after July 2, 1924, when the first count was made. On the
trenched quadrat with the litter removed, there was on September 10 an
average stand of 56 pine per square foot. The average stand on the part
of the same plot with the litter intact was only 1.5 seedlings per square
foot. On the untrenched plot where the litter was removed there were 3
seedlings per square foot, and on the part with the litter intact, one-eighth
of a seedling.
A fall of pine needles to a depth of one-half inch was added to the litter
in September and October. In the following spring when the plots were
examined in May, the abundant reproduction on the trenched quadrat
where the litter was removed had been smothered under the fresh litter
and the heavy snows of the preceding winter.
In August, 1926, there were 20 species of herbaceous and woody plants
in 8 square feet of that part of the trenched quadrat from which the litter
had been removed, and but 7 on the similarly treated part of the untrenched
quadrat. (Fig. 23.) Of greater significance, however, was the difference in
the number of individuals per square foot; namely, 32 on the former and
but 4 on the latter. On the other hand, that part of the trenched quadrat
with the litter intact had but 4 plants per square foot, and the similar part
of the untrenched plot had only 1 plant per square foot.
Early in the spring of 1925, after the duff was removed, equal amounts
of white and red pine and white spruce seed were sown in the pair of
quadrats 27. During the following spring and summer there was a copious
germination on the trenched quadrat and a good germination on the untrenched. During critical periods of drought in midsummer there was a high
rate of mortality on the untrenched quadrat. After the first winter only 5
seedlings survived the fall of needle litter and snow on the untrenched
plot, and but 30, on the trenched. During the second spring, however, the
germination on the untrenched plot exceeded that of the trenched plot so
that the total number of seedlings on the untrenched plot was 54 as compared with 52 on the trenched. More seeds remained over without germinating the first year on the untrenched plot due to lack of moisture. On
the trenched plot almost all the viable seeds germinated the first year. During midsummer of this year almost two-thirds of the seedlings on the un57

SUMMARY
amount of water present in the soil layers down to a depth of about 40 em.,
below which there was much less change.
3. The gravel content was lowest at the surface and tended to increase
through the first three soil depths. The amounts of gravel present were not
large enough to distort the mathematical expression of the moisture content
when based upon total dry soil weight or upon the weight of fine earth
determined after drying.
4. Moisture was consistently greatest when expressed as a percentage
of fine earth determined by sifting after drying. This was because the
moisture held by the gravel particles was credited, in the computation, to
the fine earth.
5. Moisture on the basis of weight was best expressed as a percentage of
weight of fine earth determined by sifting before drying. If, however, the
gravel content of a soil does not exceed 30 per cent by weight, there appears
to be little need to eliminate this fraction before determining the moisture
content of soils.
6. In the open there was more moisture in the second 10 em. of soil
than in the first, during very dry periods. This was due to the drying effect
of the exposure of the latter layer to sun and wind.
7. The soil became progressively drier in the forest with increase in
depth, despite the fact that the tree roots were largely concentrated in the
surface soil layers. Little moisture was lost by direct evaporation, due to
the thick covering of needle litter.
8. The open soils contained considerably more moisture during dry
periods than the forest soils. The difference was greatest in the upper soil
layers and became progressively less with increase in depth.
9. Soil, both in the open and in the forest, consistently increased in
density with increase in depth. This was due to the greater biological activity in the upper soil layers.
10. Open soils were considerably denser than forest soils. From 0 to 10
em. below the surface, the soil in the denuded area was 26 per cent denser
than that of the forest area.
I I. The moisture-holding capacity of the forest soil, when based upon
volume, was only slightly greater than that of the soil from the denuded
area. When based upon weight, the forest soil had a very much higher
moisture-holding capacity than the open soil, at least to a depth of 40 em.
This was due to the mathematical distortion of the capacity values for the
forest because of its relatively low soil density.
12. Both in the open and in the forest there was a fixed ratio existing
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between the moisture values when based upon volume and weight for each
soil depth. This fact made it possible to determine the wilting coefficient on
the basis of volume of soil-in-place from a direct determination based upon
weight.
13. Wilting coefficients determined by the direct method gave values
lower than when they were derived from the moisture equivalents or from
the capillary moisture capacity values.
14. There was little difference between the wilting coefficients of the
open soils and those of the forest soils. The coefficients consistently decreased
with increase in soil depth due to the concentration of organic and colloidal
matter in the upper soil layers.
I 5. During the driest periods of the year there was .more than twice the
actual volume of moisture in the first 90 em. of soil available to plants in
the open than in the forest. This difference between open and forest soil is
reduced if moisture is expressed as a percentage of weight of dry soil.
16. During these dry periods the actual volume of available moisture
present in the open was 27 per c~nt of the maximum volume of available
moisture which the soil could hold. In the forest there was present only 13
per cent of this amount during the driest periods.
17. The maximum volume of available moisture that the forest soil could
hold was 5 per cent greater than the maximum volume held by the open
soil. This was because the forest cover directly and indirectly tended to
increase the water-holding capacity of the soil. On a basis of weight this
increase was doubled.
18. The maximum volume of available moisture which a soil can hold,
and the actual volume of available moisture which it does hold during the
driest periods of the growing season, are good indices as to its productivity.
19. There was no appreciable difference in the organic content of the
forest soil as compared with the soil in the open. This fact explained, to a
certain extent, why there was so little difference in the wilting coefficients
and the water-holding capacities of the two soils.
20. The forest soil permitted the seepage of surface water into it almost
three times as rapidly as the soil in the ·open.
2 I. Other .things .being equal, the moisture content of a so.il sample varies
as the organic content, the soil composition, and the space arrangement of
the soil particles vary. For this reason no two soil samples were absolutely
comparable. Results in good agreement were obtained, however, by securing the average values for a large number of samples.
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II

Three pairs of quadrats were established beneath the canopies of stands
of white pine which differed in age, density, and degree of stocking. A
trench, 1 foot in width and 3 feet deep, was made around one of .each of
the pairs of quadrats. All the roots of the surrounding pines were severed
in the trenched quadrats so as to isolate, in each case, a body of soil free
from root competition. An untrenched check quadrat was established adjacent to each trenched quadrat. Soil moisture determinations based upon
weight were made during the summers of 1925 and 1926 on the trenched and
untrenched quadrats. The work was conducted at the Yale Demonstration
and Research Forest, Keene, N. H. The results are summarized as follows:
22. The amount of available soil moisture is greatly increased by the
elimination of root competition. During periods of extreme dryness there
was from 2 to 9 times as much moisture in the first six inches of soil available
to plants in the trenched quadrats as there was in the untrenched check
plots.
23. There was usually more moisture available in the surface soil layer
than at increased depths. This was true of both tp.e trenched and untrenched
quadrats, and helped to explain the prevalence of the roots in the uppermost
foot of soil.
24. During the three driest months of the year, namely, July, August,
and September, the amount of available soil moisture sometimes fell below
the minimum amount necessary to sustain the life of the lesser vegetation.
This fact was of great significance in accounting for the lack of survival
of reproduction beneath dense forest canopies. These results apply to the
particular conditions of soil and climate under which the investigations
were made. Although they are believed to have a general application on
upland soils where the precipitation is not excessive, they probably apply
in much less degree on sites where the soil has a high water capacity and
the precipitation is heavy, particularly during the growing season.
25. Soil moisture was abundant in the spring and late autumn. During
these periods the trenching exerted relatively little influence on the amount
of available moisture present in the soil.
26. Data presented by Professor Toumey on the reaction of vegetation
to the trenching of the three quadrats illustrates the significance of root
competition in eliminating the lesser vegetation from the forest floor of
a fully stocked stand.
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